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PREFACE

Welcome to Active Leaming: Energizing Science and Math
Education! The lessons in this collection were crafted by
science and math teachers who participated in a weeklong
seminar sponsored by the Eisenhower Professional
Development Program administered by the Ohio Board of
Regents during the summer of 1998.

The Active Leaming Institute: Energizing Science and Math
Education showcased a remarkable variety of “active leaming”
strategies —- from using low-tech hands-on approaches, to
integrating high-tech cutting-edge resources. The powerful
energy of the Institute resonates from the unique contributions
of the Collaborating Education Agencies:
¢ Global Issues Resource Center
Cuyahoga Community College
Science, Engineering, Math, and Aerospace Academy
at Cuyahoga Community College

Educational Computer Consortium of Ohio

Nature Center at Shaker Lakes

National Teacher's Training Institute at WVIZ

Accomplishing a project of the magnitude of Energizing Science
and Math Education requires participation by many dedicated
people with a wide range of expertise in education, science,
curriculum development, graphic design, marketing, and much
more. The process of creating this collection has been an
exciting one, and we have been fortunate to have worked with a
wonderful group of people who, as we, believe in the project
and dedicated their all to bring it to life.

The Global Issues Resource Center’s staff: Joanne Lewis,
Executive Director; Dianne Smith, Director of Education; Heidi
Makela, Library Director; and Vicki Zoldessy, Office Manager
shepherded each phase of the project from the “request for
proposals’ to the final reports.

The project had four primary collaborators for planning and
presentation of the Institute events.

The Nature Center at Shaker Lakes staff: Nancy King
Smith, Executive Director and Karen Seymour, Senior
Naturalist.



Preface and Acknowledgments
GLOBAL ISSUES RESOURCE CENTER

In the years since its inception in 1985, the Global Issues
Resource Center has eamed a national reputation for
excellence. Its unique library collection and a wide range of
educational programming and collaborations with other
organizations meet the needs of a broad constituency. The
mission of the Center is to foster citizen responsibility through
development of a global perspective on the sources and
management of confiict, nuclear proliferation, and environmental
and energy issues through its multimedia library and creative
programming. The Global Issues Resource Center has
engaged over 26,000 students, educators, and lay citizens in
the exploration of critical issues in the spirit of our motto: We
don't have to share beliefs, just a planet.

The Global Issues Resocuice Center is located at the
Eastern Campus of Cuyahoga Community College in Cleveland,
Ohio.

GLOBAL ISSUES RESOURCE CENTER LIBRARY

The library collection of the Global Issues Resource
Center, which is open to the public, features materials in 17
subject areas and includes over 2000 books, 150 curricula, 60
periodicals, 400 videos, 500 games and simulation activities.

The Center’s collection is accessible via CLEVNET, the
electronic catalog of the Cleveland Public Library. Our materials
may be requested through any CLEVNET library.

Annotated bibliographies are available for special subject
areas and our catalogs of videos and simulation materials are
valuable aids for teachers in their planning.

The Center has become recognized as a national
clearinghouse of current, credible information and materials that
are effective for use by educators at all levels. The wide range
of resources and the Center's popular teacher training
workshops and symposia form the basis for the Center's
reputation as a valuable asset to teachers and students locally,
regionally, and nationally.
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The National Teachers Training Institute at WVIZ
Public Television: James Mathis, Director of Educational
Resources, Oresta Zadony, Project Director and three Master
Teachers, Donna Jeanne Nemeth, Harry Selner, and Ken
Strauss.

NASA'’s Science, Engineering, Math, and Aerospace
Academy at Cuyahoga Community College staff: Linda
Darling, Project Director, Katherine Reed, Jondarr Bradshaw
and Joan Borovick, project instructors.

The Educational Computer Consortium of Ohio was
represented by Judith Brenneke, Director, Nancy Novak,
Coordinator Science/Math Discovery Lab, and James Meinke,
Educator.

Cuyahoga Community College, home to the Center, provided
in-kind support and use of its facilites. Lawrence Simpson,
Provost Eastern Campus, and Patricia Mintz, Director of
Faculty Development, provided project guidance. The
Technology Leaming Center under the direction of Maria
Arrington-Ferguson hosted the Institute participants
throughout the week to provide access to the technology of
computers, computer peripherals, and the Intemet. Becky
Kapley, Associate Professor of Biology, was a presenter.

Dr. John Settiage of Cleveland State University provides
pedagogical review and guidance and served as the professor
of record for graduate credit for the week-long 1998 Institute
session. Dr. Margaret Brooks-Terry, Department of Sociology
at Baldwin Wallace College serves as the independent project
evaluator.

School Planning Personnel for the project included:
Cleveland Public Schools: Educational Leadership Awareness
Network (ELAN); Warrensville Heights Schools: Mark Gray,
Director of Accountability and Curriculum Development;
Cleveland Heights-University Heights Schools: Elizabeth
Shriver, Media Specialist, Roxboro Junior High; East Cleveland
Schools: Robert Brownley, Assistant Principal.
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Investigating Energy Sources
Grade 7-8

Janet Eby - Gilmour Academy
August Mancuso - Warrensville Heights Middle School

OVERVIEW:

In this lesson students will investigate appropriate usage of line, circle and
bar graphs while comparing the pros and cons of the three most commonly used
non-renewable energy sources (coal, oil and natural gas) from an economic and
ecological standpoint.

PREREQUISITES:

SKILLS: Addition, subtraction, multiplication, division, caiculation of
percentages, use of a protractor, grade level reading abilities.

KNOWLEDGE: Rudimentary knowledge of coal, oil and gas as sources of
energy, familiarity with graphs.

MATERIALS:

Day 1: Dry erase boards and markers or large sheets of paper and
markers (enough for six groups of students, 3 or 4 students to a group), graph
paper, six protractors. Students will also need calculators.

Day 2: For each group of 3-4 students: 1 cookie containing chocolate
chips, raisins and walnuts, 1 toothpick, paper plate or towel.

ANTICIPATED STUDENT OUTCOMES:

Students will be able to:

a. represent statistical information using bar, line and circle graphs

b: choose the appropriate graph for a given set of information

c. interpret graphically represented information

d. compare the pros and cons of the three most common nonrenewable
energy sources (coal, oil and gas)

e. draw conclusions about the environmental impact of extracting these
energy resources. :

CONNECTIONS TO PROFICIENCY TEST:

Math: Read, interpret and use graphs to identify pattems, note trends and
draw conclusions; solve problems and make applications involving percentages.

Science: Organize data, identify pattems and trends; Draw conclusions
and/or recognize a conceptual model based on a given set of data: compare
nonrenewable energy resources.

\ ]
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INTRODUCTION:

The introduction to this lesson will be given as a homework assignment
the night before the lesson is to be covered. The assignment is in the form of
two short readings with a question assigned to each reading. Total estimated
time for this assignment is 40 minutes.

Reading 1: pages 4-7 in the history magazine for young peopie,
"Cobblestone" volume 11, number 10, October 1990. Question: "What types of
statistics (numbers) would energy researchers be interested in studying as they
compare different energy resources?"

Reading 2: page 12 in "The Natural Gasbook" put out by the American
Gas Association, 1515 Wilson Boulevard, Arlington, VA 22209. Question: "What
three types of graphs are used in this reading?"

EXPLORATION:

This lesson is designed for two 90 minute blocks of time, although it may
be completed in less time with students who are aiready somewhat proficient in
graphing. For shorter class periods the timing will have to be adjusted
accordingly.

Day 1: The lesson begins with a review of the three most commonly used
types of graphs: bar, line and circle. Homework readings should be discussed
and transparencies made from the blackline masters shown. Focus on what type
of information is best illustrated with each kind of graph. For example, line
graphs are most commonly used to show how statistics change over time. Bar
graphs compare numbers from different sources and circle graphs or pie charts
show percentages of a whole. Be sure students are clear on this point. Showing
segments of the video "Math Media Video: Graphs" available from WVIZ (20
minutes) will help reinforce this information.

Next, have students complete the included worksheet which allows
students to practice making graphs from real statistics. Students may be divided
into groups of three or four to complete the worksheet. When students are done,
have them compare their answers by writing them on the board or showing the
graphs drawn on a large sheet of paper. Did all students graph the information
appropriately?

Homework: Reading 3: Present the following homework assignment as a
challenge: "Can you create a line, a bar and a circle graph to illustrate the
statistics given in this reading?” This reading was copied from an American Coal
Foundation publication entitied "COAL: Ancient Gift Serving Modem Man".
Copies may be obtained from the American Coal Foundation, 1130 Seventeenth
Street, N.W., Suite 220, Washington, D.C. 20036-4604.

O ——
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Day 2: Begin the class by showing clips from Bill Nye The Science Guy's
video entitled "Energy" (number 145 available from WVIZ) to give some
background information about fossil fuels. FOCUS: Which type of fuel extraction
is most damaging to the earth?

The activity for day 2 was copied from a book entitled Energy Issues:
Fossil Fuel Extraction. It may be reviewed in its entirety in "background
Information" section of this lesson plan.

In this activity the students will extract chocolate chips, raisins and walnuts
from a cookie to simulate mining coal and extracting oil and natural gas from the
earth. The students should do this as carefully as possible so as to preserve as
much of the cookie (representing the earth) as possible. If this were to be
presented as a science lesson, | would have the students weigh their cookie on a
balance scale before mining out the resources (chips, raisins and nuts), and then
have them weigh the mined resources individually afterwards so that they can
calculate exactly how much of the cookie (earth) each resource represented.
Once the students have completed the activity, have them draw a circle graph
showing how much of the weight of the cookie was made up of each individual
resource. Depending on the math skills of your students, it may be advisable to
review how to calculate percentages and how to draw an accurate circie graph.

DEBRIEFING: (15 minutes) Hand out copies of the utility bills provided. You
may wish to copy some of your own utility bills as well for comparison's sake. Be
sure to delete your personal information such as name, address and account

number before making copies.
Ask students:
1. To compare the presentation of the information on each bill.
2. How is the graph on the electric bill helpful to the customer?
3. Should the gas bill include a graph also? What type?
4. Could other information on these bills be presented using different

types of graphs?
5. Why are graphs so useful when presenting statistical information?

EXTENSIONS:

1. Compare U.S. energy consumption to energy consumption in 5 other
countries. Use the internet or the library to obtain this information. Represent
this information using a bar graph and display it in the classroom.

2. Draw a poster showing projected energy usage in the U.S. over the
next 50 years. Use a line graph to illustrate this information.

3. Draw a pie chart (circle graph) to show the percentage of electricity
generated from each of the following sources: oil, coal, natural gas, nuclear,
hydroelectric, solar and other sources. List 5 ways to save electricity.

\
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RESOURCES:

Books: The Natural Gasbook, American Gas Association, 1515 Wilson
Blvd. Ariington, VA 22209.

Coal: Ancient Gift Serving Modem Man, American Coal Foundation,

1130 17th St. NW. Suite 220, Washington D.C. 20036

SIRS Digest: Energy, Eleanor Goldstein, Global Issues Resource

Center.

Environmental Science Activities Kit, Michael L. Roa. Published by The
Center For Applied Research In Education, NY, 1993. Available in the
Global Issues Resource Center at Cuyahoga Community College,
Eastern Campus, Cleveland, OH.

Articles: "From the Crow's Nest: Energy: Powering a Nation" in Cobblestone
magazine, Volume 11, number 10, October 1990.

Internet: http://ericir.syr.edu/
http://chi.hearth.com/addcalc.html
http://www.naturaigas.org

Video: All the listed videos are available from the WVIZ video tape library, 4300
Brookpark Rd., Cleveland, OH 44134. 216-398-2800
Mathmedia video: Graphs
Bill Nve the Science Guy: Energy

3-2-1 Classroom Contact: Generating Electricity: More Power

1998 Active Teaching Institute: Energizing Science and Math Education
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ometimes you feel as though you are full of energy.
\ ) Orther times you are so tired you say, “I don’t feel like
playing; I don't have the energy.” What is this mys-
terious thing we call energy?
Energy is what we need to move and to get things done.

-
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the sun.

- .'_._;- SR .' *.+ Scientists say that energy is the ability to do work. Both
- Valelz e -, machines and people need energy. We use energy when we

ride a bike, throw a ball, or
think about a math problem.
Cars, toasters, and computers
also use energy.

Another way to think
about energy is to think about
change. Anything that changes
is using energy. When a
pitcher throws a baseball, the
ball changes position and uses
energy. When an acorn grows,
changing from a seed to a tree,
it uses energy. When you cook
an egg for breakfast, heat
changes it from being clear
and runny to being white and
firm. Heat is energy. Where
does the energy for all these
things come from? Surprising-
ly, almost all of it comes from
the sun.

Energy that people wuse
comes from the food they eat—
everything from broccoli to
fried chicken. Broccoli grows
because it can absorb sunlight

and convert light energy into food. Chickens grow because
they eat grain, which comes from plants. Thus, everything
that lives gets its energy either directly or indirectly from

Machines get their energy from fuels such as coal, oil, gas,
and wood. These fuels store energy that originally came from
the sun. Trees store the energy of the sun in wood. Coal, ail,
and gas were formed millions of years ago from the remains

consinued
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Horsepower was one ¢’ the first energy sources

S A e
people hamessed. Today horse

is a unit for measuring power produced. The term was coined by Scottish inventor
James Watt, who determined that a horse could do 33,000 foot-pounds of work per

minute in drawing coal from a pit.

of plants and animals.

Orher sources of energy include wind
turbines’ and hydroelectric dams. But
the energy in the wind and in flowing
water also comes from the sun. The
wind blows because different parts of the
earth absorb sunlight and heat up dif-
ferently. When one part of the earth is
warmer than another, the warm air rises
and the cooler air flows in to take its
place. We call this moving air wind.

Water flows in streams and rivers be-
cause of the sun. Think about where
rain comes from. The sun warms water
on the surface of lakes and oceans, caus-
ing it to rise in the air and form clouds.

When rain falls and hits the grou.
water begins to flow. It flows down
mountains and hills. The energy of mov-
ing water can be captured by hydroelec-
tric dams, but the electricity produced
comes from the energy in sunlight.

Energy is found in many forms. There
is energy in light and in heat, in elec-
tricity and in food. We cannot make
energy, but we can change it from one
kind to another. For example, when we
eat food and then go out to run, we
change the energy that was in the food
into the energy of movement—we can

take a hamburger and milk shake and

BESTCOPY AVAILABLE '
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turn them into a baseball game or a bike
ride. A microwave oven turns electrical
energy into heat. A light bulb converts
elecrrical energy into light. A car engine
changes the energy stored in gasoline
into the energy of movement. A radio
converts the chemical energy in barteries
into sound.

ometimes energy is stored. Water
behind a dam is stored
energy. When water is allowed
to flow past the dam’s tur-
bines, it produces electricity.
Batteries store chemical
energy. If we connect a battery
to a circuit, electricity flows
through the wires. Do you
have any wind-up toys? When
you turn the crank, you are
storing energy in a spring.
When you release the toy, you
let the energy out of the
spring. Stored energy is called
potential energy because it is
waiting to be used.
Many different forms of
energy were used to build our

Inth inning, col-  One of the most recently developed energy sources s nu-
country ¢ beginning, co clear power. The Trojan power plan: in Qregon is one of
112 nuclear facilities now operating in the United States.

onists used their own muscle
power, burned wood, and har-

In the past few decades, Americans
have begun to realize that fossil fuels are
nonrenewable—that is, we will run out
of them someday. The continued use of
fossil

nessed rivers. Today we burn
oil, gas, and coal, split atoms, and cap-
ture the sun’s energy directly. We run
“factories; power cars, trucks, and trac-
tors; heat our homes; and communicate
through telephones, television, and
computer systems. Energy for those uses
comes mostly from sources that have
been developed in the past one hundred
fifty years. Fossil fuels (oil, coal, and gas)
are our greatest source of energy today.

nologies are now being developed for us-
ing and finding more old energy sources.

As researchers develop new technol-
ogies, they also must consider whether
an energy source is renewable, what it
costs to obtain and use it, and what ef-
fects using it will have on the environ-
ment. In this way, America’s energy
story continues to be one of discovery
and innovation. #i;

| Qvu*i;n P \I\)‘M‘\‘ ‘\‘\lgu ok Starukics (r\mbu-s) would energy
csearcdhess be interested 1n S\-\.d\,\n as \—ku/ comMpare
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Today, experts estimate there are about 200 trillion cubic feet
of natural gas in proved reserves in the United States. Proved
reserves are gas deposits known to be underground that can be
produced using today’s methods and machinery . Adding Canada
~nd Mexico's proved reserves brings the total to more than 360

.ion cubic feet in North America.

Of course, these figures do not include natural gas deposits
«nat have not yet been discovered. Some sdientists estimate the
potential for future gas discoveries to be up to 10 times today’s
proved reserves.

KNOWN RESERNES oF NATURAL GAS

SNOt 1L

n§8§oé§§‘§

1374 otgn

1966 s 17O 97 1280

We know that in the United States we use between 17 and 18
trillion cubic feet of natural gas each year. So, you might expect
the total amount known o be in the ground to be shrinking. But,
in fact, new discoveries help to make up for the gas that is being
used, so that total reserves have changed very little in recent
years. And in Canada and Mexico, the proved reserves are
growing.

For a long time natural gas prices were kept low by govern-
ment regulation. The low price encouraged the use of natural
8as, so that U.S. consumption increased each year up to the early
1970’s. As a result, we began using more gas than we were find-
ing. Finally, there was a shortage of supply in some areas, and
many people began worrying about running out of natural gas.

When this happened, the government allowed prices of
natural gas to go up so that companies would be willing to ex-
plore and produce gas from deeper within the earth and in Jess
accessible places. The higher cost of gas (as well as of other forms
of energy) encouraged people to conserve energy even more. If
you will look at the chart labelled “gas consumption,” you will
see that the use of natural gas dropped between 1975 and 1982,
Since producing companies now have more gas available than

Question: Whar are the +tWrcee X

grophs usd in Yhis Teading
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people are using, there is plenty to go around, and people a
beginning to use more. But the overall consumption is still well
below that of the early 1970s.

GAS CONSUMPT/ON

Nnig do SNoI1TL

1960. 1965 1970 1975 1980 MR 1982

Although nobody knows for sure what will happen in the
future, experts expect the use of natural gas to continue growing,
at least through the year 2000. The three lines in the chart below
show three estimates of future natural gas use. The top line is a
high estimate. The bottom line is a low estimate. The line in the
middle shows the moderate growth which most gas industry ex-
perts believe is most likely.

OUR FUT NEEDS

A9
do

Most people familiar with natural gas supply and demand
think it will continue to be an important source of energy, along
with electricity, coal and oil.

But even though we may continue to find more deposits,
sooner or later we will be using natural gas faster than we find it.

That's why it is important to conserve energy. Not just
natural gas, but all of our resources. There s enough to use wisely,
But there is none to waste.
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SCIENCE/MATH LESSON
PROBLEM

You have a choice of heating your home with the energy sources listed below;

a) electric furnace b) oil furnace c) natural gas furnace.
The amount of usage and cost per month of each type of fuel is listed in the table below.

1) Decide which fuel is the best cost value per month (show calculations).

2) State in writing the effect fuel usage has on the environment.
3) Draw a bar or line graph showing the information in the table.

oil furnace electric furnace natural gas furnace

70 gal @ $1.95 per gal

108KWH@S$1.13per KWH 115 CCF @ $0.97 per CCF

o

-
2.

19
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27 Coal-mining States

Although 90 percent of the country’s coal
reserves are concentrated in 10 states, coal is
mined in 27 states and can be found in even
more. Montana has the most coal, 25 percent
of demonstrated reserves. Wvoming, third

among states with the most coal, is first in -

coal output, accounting for 18 percent of
annual production.

U.S. coal reserves contain 12 times as
much energy as all the oil in Saudi Arabia! A
brief look at some numbers explains why coal
is the country’s most abundant and impor-
tant energy resource.

According to the United States Geological
Survey. we have 1.7 trillion tons of identified
coal resources—coal for which geological
evidence and engineering studies provide reli-
able information about location. rank, quali-
tv and quantity. (Geologists recognize that
more coal deposits are likelv to be discovered
in the future, so they estimate total coal
resources could amount to 4 trillion tons.)

Much of the coal we know about cannot
be mined today, because it would be too costly
or existing technology doesn't allow it. It may
be too deep. for example, or the quality may
not meet current needs. So to be realistic,
experts estimate that 472 billion tons of that
coal are potentially recoverable. This is called
the demonstrated reserve base.

Mining techniques leave 2 good deal of
coal in place, so the amount of coal that
experts estimate actually can be mined is
called the recoverable reserve base. It
amounts to an estimated 267 billion tons—
29 percent of the entire world's recoverable
coal!

BEST COPY AVAILABLE 20
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A stucker-reclaimer places incoming coal on a
stockpile at the rate of 1.500 tons an bour. Later,
when the coul is needed. the bucket wbeel reclatmer
will pick it up again. The maching mores on rails
the lenzgth of the 1.200-foot stockpile.
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22.2 Fossil Fuel Extraction: Instructions and Data

Your teacher will provide you with a cookie. This cookie represents a land area that may
contain deposits of coal (represented by raisins), oil (represented by pieces of nuts), and/or
natural gas (represented by chocolate pieces). You will also be provided with a toothpick,
which represents the mining and drilling equipment used in obtaining the coal, oil, and nat-
ural gas.

Your job is to try to remove as much of the coal, oil, and natural gas as possible with as
little damage to the environment as possible.

Imagine that the top surface of the original cookie is an area of land on which various
kinds of plants and animals live.

In the space below, sketch the cookie surface before and after “mining.”

Also, record the amounts of the various resources that you were able to obtain and the

amount of “waste” generated. (Estimate: about % of the original cookie.)
BEFORE MINING AFTER MINING
resources recovered (as % of the original cookie):
% coal (raisins) % natural gas (chocolate)

% oil (nut pieces) % waste (crumbs and pieces)

On a Sv.vqrd*x Q'\e.cz o" Qa'u‘ éraw a Circda
graph ' show Ya  abowe per centages,
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22.3 Fossil Fuel Extraction: Questions

1. What are some problems associated with obtaining and using coal?

2. What can be done to reduce or avoid these problems?

3. What are some problems associated with obtaining and using 0il?

4. What can be done to reduce or avoid these problems?

5. How can saving electricity help reduce the need for mining and shipping coal?

6. List some ways that you could reduce your electricity use.

7. How can reducing gasoline consumption reduce the need for mining, shipping, and refin-
ing oil?

8. List some ways that you could reduce the need for oil?

9. What are some advantages and disadvantages of natural gas as an energy source?

oo
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ACTIVITY 22: FOSSIL FUEL EXTRACTION

Activity Summary

Students “mine” cookies containing raisins, nuts, and chocolate as a simulation of min-
ing for coal, oil, and natural gas.

Introduction

Often, when we discuss saving resources, we think only of saving that particular re-
source itself. We think of saving oil or electricity or water or trees. It is important to
realize the interconnectedness of various resources. For example, when we reduce paper
use, we are also reducing water and air pollution, saving habitat for many kinds of plants
and animals, saving energy, protecting watersheds, and reducing erosion. When we re-
duce fossil fuel use, we also reduce air pollution and water pollution and protect habi-
tats. In this activity, students “mine” cookies or brownies to obtain raisins, nuts, and
chocolate from within. This serves as a model for removing fossil fuels from the Earth
and points out that the removal of fossil fuels has a great impact on the environment.

While this activity is simple and fun, it is useful as a reminder to students that
wasting energy has many effects beyond the wasted energy itself.

Grouping

Individual or teams of 2-3, depending on how many cookies you want to make.
Time

45-55 minutes
Anticipated Outcomes

The students will:

increase their understanding of the environmental impacts of mining for fossil
* fuels or other Earth resources.

* increase their willingness to reduce energy and other resource waste.

Materials

—Photocopied student pages:

* 22.1 Fossil Fuel Extraction: Background Information (one per student)
* 22.2 Fossil Fuel Extraction: Instructions and Data (one per student or team)
* 22.3 Fossil Fuel Extraction: Questions (one per student)
—Per individual or team of 2-3 students:
* 1 cookie containing chocolate chips, raisins, and walnut pieces
* 1 toothpick
* 1 saucer or small plate

7
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ENERGY ISSUES: FOSSIL FUEL EXTRACTION 211

Vocabulary

crude oil fossil fuel fractional distillation
nonrenewable resource strip mining

Teacher Preparation

1. Photocopy the Background Information sheet (22.1), Instructions and Data sheet
(22.2), and Questions sheet (22.3).

2. Obtain materials for baking cookies and bake them. Use whatever recipe you like,
making at least one cookie per student or team of students. (You might work some-
thing out with a home economics teacher to get the cookies baked.)

SAFETY CONSIDERATION

Caution the students not to eat cookies that other people have handled. (You might consider
providing some sort of snack to be eaten after the activity. This should reduce the temptation
of the students to eat the cookies.)

_ Procedure

D
D
S
D
S
N
Y
)
-
-
~
=~
=]
&~
=~
a 1. Either bake the cookies or arrange to have them baked.

2. Distribute the Background Information sheet and have the students read and dis-
® . cussit.
a . 3. Distribute the Instructions sheet and discuss the procedures to follow.
>
=
)
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-
=~
-
=
-
=
-
=
<
<
=

4. Distribute the cookies and toothpicks (on saucers, rather than on paper towels or
napkins).

5. Have the students “mine” their cookies, recording their data.
6. Discuss the activity.

Discussion
1. What happened to the “land” (represented by the cookie) when you mined for the
fossil fuels?
2. Were any crumibs spilled on the floor or table? What is erosion?

3. What would happen to the plants and animals that lived on land that was mined in
this way?

4. What could be done to reduce the damage done to the environment by such mining?

5. If we use less energy, we need less fossil fuel. If we need less fossil fuel, we don’t
need to do so much mining. What can you do to reduce energy use?

Answers to 22.3, Fossil Fuel Extraction Questions

1. Coal is a nonrenewable resource. Surface mining coal severely disturbs the land
and the plants and animals that live there. Underground mining and surface min-

g
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212 ENERGY ISSUES: FOSSIL FUEL EXTRACTION

ing both produce water pollution. Underground mining is very dangerous. Burning
coal produces air pollution, acidic Precipitation, and water pollution.

2. Since much coal is used to produce electricity, saving electricity will reduce the need
to mine and burn coal. Supporting the passage of strict pollution control laws will
help. We need to be willing to pay for the costs of reducing pollution.

4. Anything that we do to save electricity also helps reduce the need for oil. Since so
much oil is used for transportation, especially private autornobiles, driving less,
keeping cars tuned properly, using more fuel-efficient cars and many other trans-

5. Electricity production is the main use for coal in the United States. Saving electric-
ity means less coal will need to be mined and burned.

6. There are many ways to reduce electricity use. Reducing space heating and air con-

ditioning, water heating, and lighting uses are important. See Activities 17, 18, and
19.

. See question 4.

8. Saving electricity, driving less, supporting public transportation, recycling used
motor oil, and many other things can save oil.

9. Natural gas is a nonrenewable resource, and burning it produces some air pollu-
tion. It burns much cleaner than other fossil fuels and gives a lot of heat when it
burns.

-1

Extensions (See Activity 32 for suggestions for student projects.)

1. This activity is similar to Activity 1, Surface Mining. If you have not yet done it,
consider doing it after doing this one.

2. Activity 10, Oil Spill!; Activity 14, Acidic Precipitation: and Activity 15, Global
Warming, are also closely related to this activity.

3. Visit alocal mine and find out about measures taken to reduce environmental dam-
age.

4. Write to coal and oil companies or organizations to find out about environmental
protection measures they take. See Activity 25 for some addresses.

5. To understand fractional distillation, make a mixture of alcohol and water. Have
the students distill off the alcohol by heating the mixture to about 80°C.

Modifications

1. Rather than individual cookies, make a pan of brownies. This enables you to bury
the nuts, raisins, and chocolate chips deeper.

2. Rather than chocolate chips, use candy-coated chocolate pieces such as M&M’s.”

3. Use only chocolate pieces, and have the students keep track of how many chips they
successfully remove. (One chip represents a community’s energy needs for one
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ENERGY ISSUES: FOSSIL FUEL EXTRACTION 213

week.) Point out that energy is used in the “mining” process, and it takes time,
energy, and money to restore the land. Students can be “charged” chocolate chips
based on how much damage they do tothe land. For example:

Cookie still in one piece, relatively undamaged:
Cookie in 2—-3 pieces:

Cookie in more than 3 pieces:

Cookie in crumbs:

References

1 chip charged

2 chips charged
3 chips charged
5 chips charged

Anonymous, If the Earth Were a Cookie. Washington, DC: National Science Foundation,

1991.

Miller, G. Tyler, Living in the Environment. Belmont, CA: Wadsworth Publishing Com-

pany, 1990.
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Probing the World of Energy and lts Conservation
Grades 7-12

Laurie Hance - Newbury High School, Newbury, OH

OVERVIEW:

Students will participate in this lesson because it will encourage the
leaming and comprehension of Life Math Skills (satisfying IEP Transition
objectives) and reinforce, as well as integrate, Math Calculation skills ( IEP
objectives). The approach is multi-sensory, thus aiding attention as well as short
and long term memory. Students will increase their knowledge bank to further
link math information and skills.

GOALS:

Students will increase math skills through the investigation of Energy
sources and Energy conservation.

PREREQUISITE:

Skills: Multidigit addition, subtraction, multiplication and division.

Knowledge: Visual sequential guided formats, use of calculator.
ITV Series: "Energy._The Keynote to Our Future” ID No. 0002100120308,
videocassette set. Global Issues Resource Center, Cuyahoga Community

College. -

MATERIALS:
~calculators(1-3)
-video(artifact 1c)
-Scriptographic Press booklets(1-4)(artif. 1b)
-intemet Lesson (1-3)(artif. 1a)
-worksheets (1-3)(artif. 1e)
-experiment worksheets(1-3)(artif.1f)
-cumulative tests(1-3)(artif. 1g)

ANTICIPATED STUDENT OUTCOMES/OBJECTIVES:

The students will:

1. Students will review multidigit addition, subtraction, multiplication, and
division, in order to calculate energy usage.

1998 Active Teaching Institute: Energizing Science and Math Education
Under the auspices of Eisenhower Professional Development Program
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2. This lesson will help further practice of mathematical skills and discover
their interrelationship and relevance to everyday life.

3. Students will learn metric prefixes in order to use them to convert
information into metric measurement (artifact 1a).

4, Students will read together and share orally needed pre-activity
information through the use of Scriptographic Press booklets (artif. 1b).

5. Students will view video before (vol. 1&2) and after (vol. 3&4) in order to
visually observe pre-activity information and motivate interest(artif. 1c).

6. Students will monitor and record the usage of energy in their homes
through data analysis and math calculation onto worksheets (artif. 1e).

7. Students will perform an experiment by monitoring energy through fruit.
8. Students will investigate energy conservation through viewing conciusion
of video(artif. 1c,vol. 3&4) as a post-viewing activity.

CONNECTIONS TO PROFICIENCY TEST:

1. Evaluate principles of energy usage and its applications.

2. Apply conceptual and mathematical models, and theories to explain and
predict the interactions of components in systems.

3. Choose appropriate information and solve a problem quantitatively.

4. Given information such as physical and chemical properties, determine the
best material for a given application.

5. Predict the effect on an ecosystem due to a given or proposed environmental
change, specifically conservation methods.

6. Analyze data to identify patterns and trends and draw appropriate
conclusions.

1998 Active Teaching Institute: Energizing Science and Math Education
Under the auspices of Eisenhower Professional Development Program
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INTRODUCTION:

1. Read together and discuss scriptographic booklets. (artif.1b)

2. View video vol 1&2. (artif. 1¢)

3. Check for understanding through use of sequential organizer after each of
the following resources is displayed: Fossil fuels, Hydroelectric power,
Wind energy, and Photovoltaic energy (artif. 1d. p. 59).

4. Discuss other energy resources not on worksheet.

EXPLORATION:

1. Have students record and calculate their own home usage of energy
through data analysis worksheets. (artif. 1e).

2. Do in-class hands-on experiment using energy from fruit. (artif. 1f)

3. Have students take cumulative multiple choice test to check for
understanding (tests must be read to students) (artif. 1g).

DEBRIEFING:

1. Have students view video, vol 3&4. To understand how they can take
action to help conserve energy.

2. Use worksheets theme 1V-28 and 1 to self-check their energy
conservation as a follow-up to the iesson.

EXTENSIONS:

1. Have students monitor, record, and calculate their own electric or gas
meters at home.

2. Field Trip: Great Lakes Science Center, 601 Erieside Av., Cleveland,
OH, ph. 216-694-2000.

L. Ty -
1998 Active Teaching Institute: Energizing Science and Math Education
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Resources:

Conserve and Renew: An Energy Education Activity Packet for Grades 4-6.

California Energy Extension Service, 1890.

“Energy Choices for the Future.” A Traveling Teaching Unit, 2™ Edition, Global
Issues Resource Center, Cuyahoga Community College, Cleveland, OH 44122,

1995.

‘Let's Leamn About Energy and the Environment” and “How About Electricity?”,
Channing L. Bete Co. 1-800-628-7733.

Video:
‘Enerqy: The Keynote to our Future”
internet:

http://www.King'sK12.ca.us/math/weicome._htm!

1998 Active Teaching institute: Energizing Science and Math Education
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Q ‘ BY




h

Fuels - Then and Now
Grades 11-12

Joan Drobnak - North Olmsted High School
Joseph Porostosky - Lake Catholic High School

OVERVIEW:

The intent of the lesson is for the student to identify and analyze current
and future sources of energy and evaluate the environmental hazards of each
energy type. The students will initially identify primary sources of energy through
class brainstorming, then analyze one of the eight main sources. The cost and
environmental aspects will be researched through pamphilets, the internet, and
various other sources. The students will then create a presentation of their
energy source. New student groups will determine which energy source is best
for a particular type of community and make a presentation to the ciass. The
final stage of this project is to identify and discuss future sources of energy
through a class discussion.

- PREREQUISITE:

Skills: Interpret graphs, basic research skilis, graphing, unit conversions,
computer internet skills.

Knowledge: chemistry, algebra

MATERIALS:
whole class: Fuel Clue Cards, globe, media center, Intemet capable
computers (optionatl)

Per group (3A students): specific fuel information packets, white boards,
markers, erasers, handouts

ANTICIPATED STUDENT OUTCOMES:

The students will: .

1. identify and analyze primary sources of energy, cost, availability,
environmental impact

2. determine the best energy form to use in a particular community based on
economic and environmental issues

3. predict the future uses and sources of fuels

\
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CONNECTIONS TO PROFICIENCY TEST
12th grade Science Outcomes:

1. Trace and evaluate energy transformation and/or apply the principles of
mass/energy conservation to a physical system.

Apply laws, conceptual and mathematical models, and theories to explain
and predict the interactions of components in systems.

Choose appropriate information and solve a problem quantitatively.

Given information such as physical and chemical properties, determine the
best material for a given application.

Predict the effect on an ecosystem due to a given or proposed
environmental change.

Identify the advantages and disadvantages of certain materials, practices or
processes given appropriate information.

Analyze data to identify patterns and trends and draw appropriate
conclusions.

Identify procedures to test a hypothesis and select necessary equipment.

@ N o 0 k0N

INTRODUCTION: 1/2 class period (30 minutes)

I The class will brainstorm on primary sources of energy. The eight main

sources (teacher information): nuclear, solar, wind, hydro, gas, oil, coal,
geothermal (local: heat pump, giobal: natural sources like Old Faithful).

il. Hand out one Fuel Ciue Card per student. instructions included on Fuel
Clue Cards handout. Have the students arrange themselves into eight
groups according to like characteristics. Each group will have six different
clues to determine what fuel type they have. Review. :

EXPLORATION: class periods (45-100 minutes)

The-class will be divided into groups of 3-4 students. Each group will choose
a number that is correlated to one of the eight primary sources of energy listed
above. Allow the students to select the number, but do not initially tell them what
number is correlated to what energy source. Each group will research the
source of energy through packets of information in the classroom, textbooks
and reading materials from the media center, and various Internet sites. A list of
intemet sites will be available for student exploration; the students may find
other sites. The following questions need to be answered:
A. What are the general locations and sources of the energy? How easy is it to
procure and transport the energy source? Justify your answers.
B. Wnhat is the cost per unit of the energy (in the unit that it is most commonly
sold in, e.g. kwhr, BTU, Joules)
C. What is the cost per unit in joules? Include a conversion table.

1998 Active Teaching Institute: Energizing Science and Math Education
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D. What are the environmental concems? Local vs. Global. Production,
transportation, after use contaminants, hazards to workers4 possible
leaks/spills, and other forms of pollution. What would happen if the energy
plant was heavily damaged (tornado, iow water, fire...)?

E. A presentation of the findings will be given to the class (5 minutes/group) on
white boards, overhead transparencies or other form.

DEBRIEFING: 3/4 class period (20-30 minutes)

1. The class will reconvene and discuss the findings from the exploration.
Any questions will be answered.

1l The class will determine which sources are used locally, which sources
are most popular locally, and where the eight energy sources come from.
(solar - sun)

lll.  New groups will choose a number between I-8nd the number will be
correlated with a geographic location throughout the worid. Each group
will then recommend a form of energy that will best be suited for the
location. A presentation of the findings will be given to the class (3
minutes/group). The following areas are suggested: Moscow, Hawaii,
France, Antarctica, Northern California, Alaska, Australia, North Africa.

IV. Class discussion on appropriateness of group choices.

EXTENSIONS: 1/4 class period (10-15 minutes)

L. The class will reconvene and brainstorm on future sources of energy.
what sources may be used more commonly, used less commonly; what
are some possible new sources of energy. Possible sources: tidal waves,
more efficient solar, liquid hydrogen (Lake County public transportation
currently uses this in a few buses), alcohol.

H. Apply new sources locally and giobally. How might these new sources
affect the world as it currently exists? Assignment: Write a 2-3 paragraph
news article that could appear in the science section of the newspaper in
the year 2015 concerning one of the new sources of fuel OR write a letter
to the editor explaining why your fuel type is important to your community.

1998 Active Teaching Institute: Energizing Science and Math Education
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Four handouts are included:
1. Exploration.

2. Debriefing sheet |

3. Debriefing sheet2

4, Extension handout

TEACHER BACKGROUND INFORMATION AND RESOURCES:

The teacher needs to be familiar with the sources of energy. These
resources can be a combination of print materials, Energy Unit Binder (group of
energy pamphlets and internet resources), www addresses as listed below.

Books:

Alternative Energy Sourcebook. A Comprehensive Guide to Energy Sensible

Technologies. Real Goods Trading Corporation. 1993

Annual Energy Outlook with Projections to 2010. Energy information
- Administration, 1992.

Cool Energy: The Renewable Solution to Global Warming. Michael C. Brower.
Union of Concemed Scientists, 1993.

Global Resources: Opposing Viewpoints Greenhaven Press, 1991.
Power Surge: Guide to the Coming Energy Revolution. Christopher Flavin and

Nicholas Lenssen. W.W. Norton & Co., 1994.
Renewable Energy Sourcebook: A Primer for Action. Public Citizen, 1995.

Pamphlets:-(Scriptographic Press)

About Altemative Energy Sources
About Solar Energy

Let s Leamn about Energy and the Environment

Websites:
hitp://battelie.org/pr/pr2gas. htmi
http://www.bvamawr.edu/Acads/Geo/Geol03/PostTripReports/Kim. html

http://classes.coleate.edu/corel 14/legislation/ecopain/copy/renerabl. htm
http://ecepl.usl.edu.ecep.sources/c/c htm
http://zebu.uoregon.edu/energy. htmi

“
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FUELS - NOW AND IN THE FUTURE
ANALYSIS SHEET #1
GROUP NAMES:

Group explorations

Once your group has been assigned a particular energy source, use the pamphlets
provided by your teacher, the internet, SMRC (science & math resource center),
and other sources to answer the following questions:

A. What are the general locations and sources of the energy?

B. How easy is it to procure and transport it?

C. What is the cost per unit of energy? How much per Joule? (show your work!)

D. What aré the environmental concerns of your fuel? Are these concerns local
and/or global in scope? Look also at production, transportation, after use
contaminants, hazards to workers, possible leaks and spills, other forms of
poliution. What would result if a natural disaster occurred during its procurement
or during its transport?

E. Design a presentation of your findings (5 min. per group) for the class using
overheads, white boards, or other form.

_ e
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HANDOUTS: (One copy per person is suggested.)
FUELS — NOW AND IN THE FUTURE ANALYSIS SHEET #2

Sources of our energy
A. List the major sources of energy used in our location.

B. List the types of energy produced in our location.

C. Where do these eight energy sources come from?

—— e
1998 Active Teaching Institute: Energizing Science and Math Education
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HANDOUTS: (One copy per person is suggested.)
FUELS- NOW AND IN THE FUTURE ANALYSIS SHEET #3
GROUP NAMES:

Debriefing

Once your new group has formed, answer the following questions:

A. Once your group has picked a number corresponding to a geographic location
somewhere in the world, determine what the top two forms of energy are for that
location. Again, design a presentation (3 min./group) to present your
recommendations to the class. Record your supporting arguments here.

B. What changes were made to your choice of energy sources by the class? Why
were the changes made? If no changes were made, briefly describe the class
discussion on your location and choice of energy source.

C. What did you find out about the fuels, what does it mean, and what should we

do with this knowiedge?
I A R —
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HANDOUTS: (One copy per person is suggested.)
FUELS- NOW AND IN THE FUTURE ANALYSIS SHEET#4
GROUP NAMES:

Extensions

After the class has brainstormed on future sources of energy, answer the

following questions:

A. What current fuels may be used more commonly in the future? Less commonly
in the future?

B. What are some new sources of energy?

C. How might these new sources affect our particular community and our entire
world?

D. Individual Assignment- Pick one of the following:
|. Write a 2-3-paragraph news article that could appear in the science
section of a newspaper in the year 2015 concerning one of the new
sources of fuel.
2. Write a letter to the editor expiaining why your fuel type is important to
your community.

R “
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Fuel Clue Cards:

Oil:

Non-renewable

Formed in Ground
Needs to be refined

Can be broken into other
components

Messy

Can be piped

Geothermal:

Heat energy from beneath the
earth's crust

Magma is an example

Generally only from Western U.S.
Old Faithful

Comes in high and low temperatures
Has little pollution

Gas:
Non-renewable
“ Can be used directly
Low density
Colorless
Can be piped
Heat measured in therms

Hydro:

Energy of moving water
Renewable

Economical

Does not itself cause pollution
Uses a turbine

Niagara Falls had first one

Solar:

Plentiful

Works well in Florida, poor in Alaska
Free source of energy

At times unreliable

Equipment is costly to install and
maintain '

Renewable

Wind:

Above ground energy source
Caused by different temperatures
Renewable

Used heavily in Holland
Frequently by seashores and hills
At times unreliable

Nuclear:

Caused by atoms splitting
Non-renewable

Produced bombs during WWII
Heat powers an electric generator
Waste removal

Fuel is concentrated from ore

Coal:

Formed millions of years ago from the

remains of animals and plants
Non-renewable

Can be mined

May cause black lung

Hard and soft forms available

FUEL CLUE CARD INSTRUCTIONS:

Based on the number of students present, divide the cards into at ieast four clues
per fuel. You may not be able to use all fuels. Give one card to each student.
They are to arrange themselves into groups according to their clue
characteristics of a particular fuel. They also have to determine what fuel they
are describing. Some clues are repeated, so some may have to change to
another group.

1998 Active Teaching institute: Energizing Science and Math Education
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Fish Out of Water - Man Out of Land
Grade 9-12

Sharon Dimonski — Trinity High School, Cleveland, OH
Kathleen Wheeler — Trinity High School, Cleveland, OH

OVERVIEW:

The intent of the lesson is to make students aware that human actions
have global consequences. Students will graph and analyze fish collection data
from Lake Erie and the oceans. They will relate their data analysis to
environmental issues conceming the world's fishing industry.

PREREQUISITES:

SKILLS: Reading table of data
Sorting data
Basic graphing
Percent skilis

Basic research ability

KNOWLEDGE: Great Lakes location
Basic knowledge of ocean location
Basic fishing practices

MATERIALS:

For “Deadly Waters”:
Graph paper (1 sheet per group)
Pollution Information Sheet (1 per group)
Glue stick (1 per group)
Teaspoon (1 per class)
1000 hole-punch size circles (100 each of 10 different colors)

For “The Common Dilemma™:
11b. bagM & M's
1 Paper Plate per group of 4

For class assignment:
2 Lake Erie Commercial Data Sheets ( one of each per student)
Ocean Marine Yield Data Sheet (1 per student)
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ANTICIPATED OUTCOMES:

The student will be able to:
- select required information from data table
- construct bar/line graphs
- compare/contrast data from different years using graphs
- recognize patterns of fish catch increases/decreases
- identify possible reasons for fluctuations in fish populations
- relate human activity to fish population changes
- compare/contrast coastal ocean management with deep ocean
management

CONNECTIONS TO PROFICIENCY TEST (sth grade):

The students will read, interpret, and use tables, charts, graphs, and maps
to identify pattems, note trends, and draw conclusions. They will iearn: to
distinguish between observation and inference; to identify and apply science
safety procedures; to explain biological diversity in terms of transmission of

- genetic characteristics; and to describe how organisms accomplish basic life
functions at various levels of organizations and structure.

INTRODUCTION: (30 minutes for two activities)

ACTIVITY 1: Deadly Waters from Project Aquatic
Group students by fours. Give each group one sheet of graph paper, a

glue stick, a poliution information sheet, and 1 tsp. of assorted colored
hole-punch circles. Students should sort circles by colors and create a bar graph
by gluing the circles in, by color, to the graph paper using labeled axes.

Students should identify types and volumes of poliutants in their specific
“group river”. The class should briefly discuss why each river and its poliutants is
different (e.g. location, industry/agriculture/urban, etc.) Evaluate how this will
affect the local collecting iake.

ACTIVITY 2: The Commons Dilemma (adapted from a study done
by Robert Gifford of the University of Victoria)
Introduce this simulation with a discussion of the following ground rules,
supplying only the information needed to get the students started. The dilemma
and a discussion of the various strategies should surface at the end of the
activity. Divide them into groups of 4. Give each group a paper plate (sea) and
16 M & M's (fish).

R R
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GROUND RULES:

The object of this activity is to harvest as many fish as possible from the
sea. At any one time, your sea can hold (has a carrying capacity of) a maximum
of 16 fish. For every four fish each student harvests, he/she will receive one
point. This is his/her “profit” as a fisherman. The more fish you harvest, the
more points you will receive.

When the game begins, you may harvest all the fish, some of the fish, or
none. Each student, in tum, will have 10 seconds to fish. You will be told when
to start and when to stop each trial.

If fish remain after each trial, a new fish will be added for each fish
remaining. If their are 2 fish left, 2 will be added. But for each new trial, the total
number of fish in the sea cannot be more than the carrying capacity of 16 fish.

TRIALS:

When all 4 trials are finished, each student should divide his/her pile of
fish into fours. Forevery 4 fish the student will receive 1 point: = the profit.

Then have the group total up their fish, make piles of 4 and add up the
points the group would receive.

Discussion Questions:

What were the maximum points achieved by any individual? Group?

Why were fish only replaced if some remained on the plate? (simulates
natural conditions)

What happens when individual group members don’t use a cooperative

strategy?

What was the best strategy for harvesting from this commons? (8 each

trial)

Discuss stewardship (cooperative strategies that show concern for a

resource). Have students name other resources that require our

stewardship. How will increased population affect this? How does this

lead to marine life depletion?

EXPLORATION : (40 minutes)

The students will graph fish catch data from Lake Erie, the Great Lakes
and the World's oceans. Distribute the three data sheets , 1 to each student.
Have students work in groups of 3 or 4 to produce 3 bar graphs, aline graph,
and a pie graph. Students will need to determine the proper axes, scales and
labels.
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BAR GRAPH #1: Display the 1978-80 catches of the following fish:
Carp, Channel Catfish, Lake Trout, Northern Pike, Salmon, Sheepshead,
Walleye, White Bass, and Yellow Perch

BAR GRAPH #2: Display the 1988-90 catches of the same fish.

BAR GRAPH #3: Combine bar graphs 1 and 2 to produce a bar graph
display which shows a comparison of the above fish for 1979-80 and
1988-80. The group will need to agree on a defined key for this
comparison graph.

LINE GRAPH: Display, on one set of axes, the Ohio 1978-80 and the
1988-80 catches of the same fish that were graphed in the bar graphs.
Use two different line codes. Make sure to key the line codes on your

graph.

PIE GRAPH:. Using the totals for either 1978-80 or 1988-90, compare
Ohio fish yields to the other Great Lakes states and countries.

- DEBRIEFING: (10 minutes)

Groups need to analyze their graphs to determine which types of fish
increased or decreased in Ohio. They need to compare this information to the
catches of the other states and Ontario that border Lake Erie for the same time
span. Have the groups share their data. Then, have the students discuss
possible reasons for the changes in these fish yields. What activities of humans
could be responsible? What natural processes? Considering that Lake Erie is
connected to the oceans by the St. Lawrence Seaway, can problems in the Lake
Erie basin affect the oceans? Any global consequences?

EXTENSIONS ( approximately 20 minutes in class, plus homework)
Giving each student the Marine Yields and Exploitation data sheet. The
students will organize the data to produce one bar graph and one line graph.
Bar graph: Show the three types of catches (Marine Fish, Cephalopods,
Crustaceans) for the 5 main bodies of water. Code the bar for marine fish with
one design, the bar for cephalopods (eel and octopus) with another design, and
the crustacean bar with a third design. Make sure the bar codes are keyed on
the graph. Use two different colors, one for 1981-83 and a different color for
1991-83. (Example: The Atlantic Ocean should have 6 bars representing it.
Three bars are in one color, but with different designs to represent the three
different catches in 1981-83. The other three bars are in a different color but the
same three designs to represent the Atlantic catches in 1991-93.)

1998 Active Teaching Institute: Energizing Science and Math Education
Under the auspices of Eisenhower Professional Development Program

37
Q 44




Line graph: Using total marine yield data, the students will create a line
graph using different colors to compare the five bodies of water on graph. Make
sure to indicate the key being used.

HOMEWORK:

Using resources given to them in class, students are to search the web for
current information on overfishing in the oceans. They may aiso use any other
resources they choose.

NEXT CLASS:

Students will analyze the graphs they have drawn and compare it to the
information they were able to get off the web or other sources. We will discuss
the reasons for fish depletion. We will compare their information to the Common
Dilemma Game from the previous day. Using their data tables, the students wiil
discuss the implications of the column titied % of stocks fully fished, overfished,
depleted or recovering in 1992. What is the relationships of the Lake Erie graphs
to the global graphs? This will lead into concems for the changing ecosystem of

. the oceans and the affect of the human species.

RESOURCES:
Books:

World Resources. A Guide to the Global Environment, The Urban
Environment 1996-97, Oxford University Press, New York, p. 309.

The Great Lakes, An Environment Atlas & Resource Book, United States
EPA, 1995

intemet www.dnr.ohio.qov
www glfc.org/comdat

Video: The Great Experiment, Films for the Humanities (1996)

Great Lakes, Bitter Legacy, PBS Videos

e

1998 Active Teaching Institute: Energizing Science and Math Education
Under the auspices of Eisenhower Professional Development Program

35




POLLUTANT INFORMATION SHEET

SEDIMENT

Particles of soils, sand, silt, clay and minerals wash
from land and paved areas into creeks and tributaries. In large
unnatural quantities, these natural materials can be consider-
ed a poliutant. Construction projects often contribute large
amounts of sediment. Certain lumbering practices affect sed-
iments in runoff. Sediments may fill stream channels and har-
bors that later require dredging. Sediments suffocate fish
and shellfish populations by covering fish nests and clogging
the gills of bottom fish and shellfish.

PETROLEUM PRODUCTS

Oil and other petroleum products like gasoline and
kerosene can find their way into water from ships, oil drilling
rigs, oil refineries, automobile service stations and streets.
Oil spills kill aquatic life (fish, birds, shellfish and vegetation).
Birds are unabie to fly when oil loads the feathers. Shellfish
and smali fish are poisoned. |If itis washed on the beach,
the oil requires much labor to clean up. Fuel oil, gasoline
and kerosene may leak into ground water through damaged
underground storage tanks.

ANIMAL WASTE

Human wastes that are not properly treated at a
waste treatment plant and then released to water may contain
harmful bacteria and viruses. Typhoid fever, polio, cholera.
dysentery (diarrhea), hepatitis, flu and common cold germs
are examples of diseases caused by bactefa and viruses in
contaminated water. The main source of this problem is
sewage getting into the water. People can come into con-
tact with these microorganisms by drinking the polluted
water or through swimming, fishing or eating shellfish in pol-
luted waters. Often unexpected flooding of barnyards or
stock pens can suddenly increase the toxic effects of animal
waste in water. Animal wastes can also act as a fertilizer and
create damage by increasing nutrients. (see Fertilizers)

ORGANIC WASTES

Domestic sewage treatment plants, food processing
plants, paper mill plants and leathering tanning factories re-
lease organic wastes that bacteria consume. if too much
waste is released, the bacterial populations increase and use
up the oxygen in the water. Fishdie if too much oxygen is
consumed by decomposing organic matter.

PESTICIDES, HERBICIDES, FUNGICIDES
Agricuitural chemicals designed to kill or limit the
growth of life forms are a common form of poliution. This
pollution resuits from attempts to limit the negative effects
of undesirable species on agricuttural crop production.
Irrigation, groundwater flow and natural runoft brings these
toxic substances to rivers, streams, lakes and oceans.

INORGANIC CHEMICALS

Inorganic chemicals and mineral substances,
solid matter and, metal saits commonly dissolve into
water. They often come from mining and manufacturing
industries, oil field operations, agriculture, and natural
sources. These chemicals interfere with natural stream
purification; theydestroy fish and other aquatic life.
They also corrode expensive water treatment equipment
and increase the cost of boat maintenance.

DETERGENTS AND FERTILIZERS

Many of these substances are toxic to fish and
harmfulto humans. They cause taste and odor probiems
and often cannot be treated effectively. Some are very
poisonous at low concentrations. The major source of
pollution from agriculture comes from surplus fertilizers
in the runoff. Fertilizers contain nitrogen and phospor-
oOus that can cause large amounts of algae to grow. The
large algae blooms cover the water's surface. The algae
die after they have used all of the nutrients. Once dead.
they sink to the bottomn where bacteria feed on them.
The bacterial populations increase and use up most of
the oxygen in the water. Once the free oxygen is gone,
many aquatic animals die. This process is called eutro-
phication.

HEATED OR COOLED WATER

Heat reduces the ability of water to dissolve
oxygen. Electric power piants use large quantities of
water in their steam turbines. The heated water is often
returned to streams, lagoons, or reservoirs. With less
oxygen in the water, fish and other aquatic life can be
harmed. Watertemperatures that are much lower than
normal can also cause habitat damage. Deep dams often
Iet extra water flow downstream. When the water comes
from the bottom of the dam, itis much colder than
normal.

ACID PRECIPITATION

Aquatic animals and piants are adjusted to a
rather narrow range of pH levels. pH is a measure of the
acidity of a solution. When water becomes too acid. due
to inorganic chemical poliution or from acid rain, fish and
other organisms die.
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BACKGROUND TOLAKE ERIE

The Great Lakes play an important role in the social, political, cultural and industrial
development of the communities that surround them. These bodies of water provide drinking water,
transportation routes, power, recreational areas and food for millions.

Lake Erie is the smallest and shallowest of the Great Lakes. This presents a problem. Due
to the lake’s size, it is exposed to the greatest effects of changes. These changes, in the past, have
resulted from changes in forestation, loss of wetland filters at the mouth of drainage rivers,
urbanization, fertilization overloads, and seasonal temperature changes. In the early history of the
settlement of the region there was no thought as to the effects of ali this change on the ecosystem.
Logging removed protective trees from stream banks, increased erosion. So did sawmills. Framing
increased erosion of soil, runoff and debris which destroyed stream habitats. Fishing with no
thought top conservation wiped out whole population of fish.

Fertilizers and phosphates from laundry detergents caused major aigal bloom in Lake Erie in
the 1950’s, 60's and 70’s. This created massive loss of oxygen from the lakes and the rivers around
Lake Erie. This killed off many populations of fish and other aqguatic organisms. The poliution was
S0 bad, and fish yields so poor, that commercial fishing all but vanished and Lake Erie was
declared a dead lake.

Based on information from the US EPA, commercial fishing began around 1820 with the

‘argest catches recorded in 1889 and 1899 (147 million pounds). Preferred species declined by
380. Techniques become more advanced and resulted in the commercial fishing industry

declining for good in the 1950’s. Larger fish have given way to smaller species of less value.
Pockets of lake trout, sturgeon and lake herring survive in vastly reduced numbers. Overfishing
combined with habitat destruction, toxic wastes and the introduction of exotic species are
responsible for these changes. Canada still fishes these species but under agreements with the US
to monitor catch sizes. Fish farms and restocking plans have helped some species of Lake Erie
Fish to recover.

Since the 1870’s many local, national and international laws have been developed to protect
the Lake Erie and the rest of the Great Lakes. Even with these laws we still aren't out of danger.
With the increased apathy resulting from the improvements made to the Lake Erie basin, we have
once again increased fishing, both commercial and sport, and recreational uses of the lake. We are
also loosening the reigns of the Clean Water act to allow industry to poliute more. We have not
leaned from the past.

This lack of learning is evident on the oceans today. We are destroying the great natural
fisheries. Many species have been overfished. According to the World Wildiife Fund 131 of 152 of
the most harvested species are now threatened, endangered or extinct. Many techniques have
been harmful - bottom dredging, netting, long-line fishing and bycatch dumping. We are also using
our coastal areas as offshore dumping grounds for toxic wastes, medical wastes and human
garbage. According to the Greenpeace foundation, only 31% of our oceans have been deemed as
"nexploited. Since these areas are mostly open ocean, no country can write laws to save it.

iernational agreements are needed ang these are difficult ta achieve and enforce.
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Lake Erie
Commercial Fishing Data

All data in thousands of pounds

Fish Type 1978-80 1988-90
Bowfin 67 12
Buffalo 174 319
Bullheads 314 235
Burbot 3 23
Carp 6262 3885
Channel Catfish 1036 1131
Gizzard Chad 4010 936
Goldfish 1038 61
Lake Trout 4 0
Lake Whitefish 11 472
Northern Pike 94 18
Salmon - 43 0
Quillback 265 266
Rock Bass 127 8
Sheepshead 4570 2783
Smelt 75599 54395
Suckers 306 126
Sunfish 148 61
Walleye 3814 21119
White Bass 10549 13576
White Perch 0 14317
Yeliow Perch 42349 36558
TOTALCATCH 150783 150301

SOURCE: Great Lakes Fishing Commission web page, ww.glfc.org/comdat/erie htm 6/24/98
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Are You Listening?
Grade 7-8

Linda Orange — Lake Ridge Academy, North Ridgeville, OH
Veronica Riffle - Lake Ridge Academy, North Ridgeville, OH

OVERVIEW:

The intent of this lesson is for the student to develop a working knowiedge
of noise pollution. Noise, defined as unwanted sound, can cause loss of hearing
or lead to anxiety, stress or fright with consequent adverse physiological effects.
More than ten years ago, the EPA established the Clean Air Act, Clean Water
Act, Solid Waste Law and laws controlling radiation and noise. (Goldfarb, 1991 ).
Noise can be reduced by more careful design of machinery, by installation of
acoustical materials or by use of ear protection. There is an undercurrent of
background noise that invades our everyday existence in our highly technical
world.

PREREQUISITES:

SKILLS: Math: Computing with integers, fractions, decimal, graphing.
Working in basic statistical analysis.
Science: Working proficiency with MBL system and data
collection.

KNOWLEDGE: Math: understanding of standard and metric units of
measure, evaluating algebraic expressions, manipulating.
ratios and proportions, appropriate graph applications.
Science: An understanding of the terms of amplitude,
frequency, pitch, constructive and destructive interference,
sound levels (decibels) and intensity factors.

MATERIALS:

MBL Micro-computer Based Laboratory (Bank Street Laboratory) with
Sound Sensor

Meter sticks, Clinometers (for height measurement)

Various acoustical materials, depending on students’ experimental design
Bill Nye Video “ Sound”

. E— E—
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ANTICIPATED STUDENT OUTCOMES:

The students will be able:

1. To demonstrate the difference between sound and noise.
2. To identify noises in the environment.
3 To design and conduct two experiments
a. On the intensity of the noise at various distances.
b. The effect of different acoustical environments on noise.
4. To analyze the quantitative resuits of their experiments.

CONNECTIONS TO THE PROFICIENCY TEST:

1. Computations with appropriate metric units of measure.

2. Convert, compare and compute with common units of measure within the
same measurement system.

Read the scale on a measurement device to the nearest mark and make
interpolations where appropriate.

Read, interpret and use tables, charts and graphs to identify patterns, note
trends and draw conclusions.

Apply concepts of sound and light waves to everyday situations.

Be able to distinguish between observation and inference given a
representation of a scientific situation.

Draw conclusions and/or recognize a conceptual model based on a given set
of data.

8. Make inferences about the causes of variation in experimental results.

8. Compare renewable and non+enewable resources and strategies for

managing them.
10. Relate the effect on an ecosystem to a given environmental change.

w

N oo A

INTRODUCTION:

1. Hearing/Listening Activity:
NOTE: You may want to do this activity outside, weather permitting.)

a. Students are to have a paper and pencil in front of them.

b. Tell students when you say say “Begin”, they are to sit for 3
minutes in absolute silence. At the end of the 3 minutes, they are
to write a list of everything they heard..

Round robin in small groups to develop a composite list.

Compile group lists on the board.

Show the class Bill Nye's music video on sound.

General discussion about what constitutes pleasant sound v. unpleasant

sound.

In same small groups students will separate class data into two

categories: noise and sound. Have student recorder draw a T-chart with

two columns. Title one column "SOUND" and the other coiumn "NOISE."

ahwh

o
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DEBRIEFING:

Based on small group findings, conduct a general discussion on each
group’s impressions of:

1. What sounds do we consciously hear?

2. What sounds do we subconsciously absorb?

3. What sounds are pleasant?

4, What sounds are intrusive?

Bring class to general consensus on a working definitions of Sound and
Noise.

EXPLORATION:

1. In the same small groups the students choose a “noise” from the class-

generated list.

2. Each group will then design two experiments to measure the intensity (in
decibels) of the noise using the MBL and the sound sensor. Have students in
each group include a written job description for each group member. (See
Handout)

3. The variables in the experiment are to be:

a.Changing the unobstructed distance from noise source to the sound
sensor to answer the questions: “What is the relationship between
intensity of sound and distance?” and then:
b. Ata fixed distance, inserting different materials to obstruct the sound
waves from the noise source to the sound sensor to answer the question:
“What materials are better suited for reducing or eliminating the noise?
4. Students will get approval of their experimental design by conferencing with
teacher. In the conference, have students identify the following items in their
experimental design:
a:- constants and variables
b. number of trials
c. methods of measurement.
Student groups will conduct their experiments and collect their data.
Each group will graph the data from the first experiment using a line graph.
Label coordinates; "Distance v Decibels".
Each group will graph the fixed distance data on a bar graph.
The group will draw conclusions based upon their data to answer the
following question:
a. “What are the optimum conditions for reducing the noise level to
approximately 40 decibels?”
9. Each group will present their findings to the entire class.

000N O
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EXTENSION:

1. Students will choose and research a “real-life” community situation where
one has to make accommodations for the environmental noise.

2. Based on their research, each will develop a position on the issue.

3. The students will debate their position in a classroom simulation.

RESOURCES:

Books:

Anthrop, Donald E. Noise Pollution. San Francisco

Goldfarb, Theodore. Taking Sides: Clashing Views on Controversial
Environmental Issues. Guilford, Conn.-The Dushkin Pubiishing Group,
Inc., 1991.

Taylor, Rupert. Noise. New York, Penguin Books, 1970

Teacher Resource Workbooks:

Strengthening of Skills Program developed by Research for Better Schools,
444 North Third Street, Philadelphia, PA 19123

Experiments in Physical Science The Bank Street College Project in Science
and Mathematics. Sunburst Communications, 101 Castieton Street,
Pleasantville, New York 10580

Video:
Bill Nye the Science Guy. “Sound” KCTS-TV, PBS Seattle.

Internet: hitp://www.nonoise.org/aboutno.htm Noise Pollution Clearinghouse
http://europa.eu.int/en/record/green/ap961 1/noiseum.htm Green Paper on

noise policy.
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EXPERIMENT: ARE YOU LISTENING?
NAME:

PROBLEM:

Now that you have distinguished between noise and sound, the question is how
do we best eliminate or at least minimize noise in our environment? Your group has
chosen one of the noises from our class-generated list. You and your group will design
two separate but related experiments.

PROCEDURE:

1. Design two experiments to measure the intensity (in decibels) of the noise using the
sound sensor.
Design one experiment to answer the first question and the next experiment to answer
the second question:
1. What is the relationship between the intensity of a noise and its
distance from you?
2. What materials are better suited for reducing and/or eliminating noise?

2. Divide the labor in your group. Each person is to write hisfher own job description .

3. Make an appointment with me to go over your procedure. In the conference, | will
be looking for the following items in your experimental design: materials, constants
and variables, number of trials, methods of measurement.

4. Once your procedure has been approved, begin collecting your materials and
conduct your first experiment.
Remember, everyone has a job to do! | will be looking to see that each person in
your group is fulfilling their role. ALL DATA ARE TO BE LOGGED IN YOUR LAB
NOTEBOOK

S. After your group has collected data on for the first experiment, make a decision on
which distance is the optimum distance to conduct the second experiment.

8. Collect your materials for your second experiment and begin.

7. After sufficient data has been collected:

-Graph the data from the first experiment using a line graph.
Label coordinates: “Distance v. Decibels”
-Graph the fixed distance data from the second experiment on a bar graph.

8. Your group will draw conclusions based on their data to answer the following

question:
“What are the optimum conditions for reducing the noise level to
approximately 40 decibels?”

9. Be prepared to present your findings to the entire class. Each member of your
group is to participate in the presentation. Create visuals with your evidence to
support your findings.

g



536 The Environment and Human Heai:h

Table 18-2
Sound Leveis and Human Responses
f Effects
!i Comr
sound i React:
Level, ! Perceived Damage t¢ Qutzc
Sound Intensity Factor dB  Sound Sources | Loudness Hearing Noisz
1,000,000.000.000000,000 180—; Rocket engine j i '
i 1 i :
; i s l
100.000.000.000.000,000  170— , i j
. : H ;! !
N | |
10.000.000.000.000.000 160— o i Traumatic :
: | | ey
' P : i
1.000.000.000000.000  150— Jet piane at takeoff | Painiul ! ’
| . f
100.000.000000.000  140—: | Ulinjurious
; f ° range: f
I P ; irreversible
10.000.000000.000  130—— Maximum recorded I i {; damage !
i rock music i T N i
i i |
1.000.000000.000  120— Thunderclap i ! ; :
. Textiie loom 5 i :
{ Auto horn. ! m away | : ;
100.060.000.000 110— Riveter Uncomfortably i |
loud l j
1 Jet fiy-over at 300 m | !
10.000000.000  100— | 1:Danger zone; |
" Newspaper press J il progressive .
. : * i’ loss of i :
- 1.000.000.000 20— Motorcycle. 8 m away Verv loud | hearing | Vigor:
{ Food blender g Poact
. Diesel truck, 80 kmhr. | ;
{15 m away ;! Damage i
100000000 80— Garbage disposal | begins {
. . '? after long | Threa:
! ! exposure
10000000 70— Vacuum cleaner ] lI
! i
f Ordinary conversation ] J
1000000 60— Air conditioning unit. Moderateiy Wides:
| 6 m away loud J com
100.000 so—-] Light traffic noise, Occast
| 30 m away com
: ¥
[ S
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Table 18-2 (Continueg)

Sound Levels and Human Responses

| Effects
: Community
Sound ‘ Reaction to
Level, I perceivea Damageto  Ourgoor
sound Intensity Factor dB  sound Sources ’ Loudness Hearing Noise
]
Average living room | T f ,’
10,000 w—J Bedroom i ,l !
Quiet : ’ No action
Library I : J
1000 30— Soft whisper ’ J | ;
R
| | ventouer |
100 20— Broadcasting studio ! Very!quxet : i
10 10— Rusting leaf P ;
i Barely !
: audible ‘ i
1 0— Threshold of hearing

¢isiurcances. The €motion

al effects or people are

diificuit 10 measure. but bsxchologisis have earned
thar work efficiency goes down as the noise leve!

30€s uD.

0 CONUSI noise.

1. Reduce the source

tagre are ihree techniques that czn Oe used

Machirern shoulé be

designed 5o that parts do not needlessiv hit ar rup

832Inst each other. It is

Dossidle to design ma-

chires that work quietly. For example. rotan saws
“&n De used 10 break Up street pavement. They do

e iob perfectiv well and

are much quieter than

2ckhammers. Another approach is to change op-
frating procedures. f a suburban sidewaik must be
droken up by lackhammers. it would be better not
0 siart early in the morning, when many people
& asleep. Also. aircrait take-offs can be routed
O“er less densely inhabited areas. All too often.
Machines are buiit to perform a task most effi-
“ently without consideration of how much noise is
Produced. If machines were originaily designed
Properiy. noise jevels could be subsiantiallv re-

duceq.

ERIC

Aruitoxt provided by Eic:

2. Interrupt the Path of Transmission Sound
waves travel through air They also travel through
other mecia. including solids such as wood. How-
EVEr. somz maisrigls. especiallv soft or porous
ones. 20serd snund. Scch sound-absorbing media
are cailed acoustical materials. Acoustical
tiies and waiiboard can be used in house construc-
Uon 0 reduce noise levels, The muifier used in au-
lomobiie exhaus: svstems is another example of a
3oung-absarding device.

3. Protect the Receiver The fina! jine of de-
fense is strictiv personal. ‘We protect oursejves in-
stinctively when we hoid aur hands over our ears.
Alternativelv. we can use car plugs or earmufis, as
shown in Figure 18-3. (Stuifing in 2 bit of cotton
does verv little good.} A combination of ear plugs
and earmuifs can reduce noise dy 40 or 50 dB,
which could make a jet plane sound no jouder
than a vacuum cjearner. Such protection could pre-
vent the deafness caused by combat training (Fig.
18-9) and shouid aiso be worn for recreational
shooting.

BESTCOPYAVAILABLE
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21 Musical Notes and Noise

PURPOSE BEFORE YOU START
In this Lco you will determine why Samuel Johnson once wrote. “Of all noises | think music the less dis-
one sound is considered @ musial agreeable.” What do you think is the difference between music and
note while another is considered noise?
nose.
EXPERIMENT:
WHAT MAKES A SOUND MUsicar?
A. Stert the Bank Strset Laperatery sortware, connect the micro-

PROCEDURE phone, and set the miccoohone on ¢ stanc.

B. Seiect Sounc from the Main Menu, Scepe frem the Sound Menu
3SL MATERIALS and Two Weves from the Scope Menu. Select Fer from the screen.
8SL micreohone
Microphone stand C Begin measuring or the upper display. Hum a note with your lips
Comouter printer (optionai) heid together. Mcke the htum louder or sotter uniil the trace just fiils
Trece sheers the display. Once you have o good trace, freeze the display. Sketch

and label the weve.

You may want fo start this D. Activate the lower display. Now mcke a hissing sound, “ZZZ" or

*SSS”. Heid the microphene far enougn from your mouth so that the
hiss is not too’ loud. Make sure that that the trace doesn't quite fill the
trace box. If the trace is too large you will lose some information.
Freeze the hiss on the lower display and compare it with your trace of
the hum.

Which of the two traces has a clearly repetitive pattern?
The humming sound has a repetitive, periodic pattern, The pattern

Leb oy inviting you students
to engcge in a debate cbout
the difference between music
ond noise. (This is a pertinent
quesrion for meny adoles-
cents and their parents.)
Although the distinction is
made in the Lab based on the
presence or absence of repe-
tition in the wave form, there

produced by the hissing sound does not.

E Use this twin trace technique to compare various sounds, both musi-
is much room for discussion cal and noisy, and to test your hypothesis. Draw the traces for each of
about the role of dissonance the sounds and label them on your trace sheet. Compare sounds and
in music, about what a describe the similarities and differences about the traces.

“oleasant” sound is, etc. You A musical note is produced by regular vibrations that show a

can return to this discussion at

the end of the Lab repetitive trace on the BSL waveform display. A noise is produced
o .

by irregular vibrations that show no such repetition. Students can

test this hypothesis by obraining traces of known notes and noises. 52
2
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Some students may hove F. Try a range of various sounds and place them in the following table

been to g dentist who uses which has been started for you. Separate the steady, regular musical
music or “white noise” to notes from the irregular, “messy looking” noises.
block the sound of the drill

Notes Noises

White noise is used in other
contexts as well to mask —
unpleasant or distracting nois- Person humming Person hissing
es. For example, in cities peo- Car homn Car engine

ple often block out the sounds
of the street with a fan or
other mecheanical device (or

with music).

Trace examples are available
at the back of the Teacher's

Edition. You may want to
duplicate them to share with 1. Where in your table do you think a computer printer would fit2 Test
your students. it to find out if you prediction is correct.

A noise.
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Studying Complex Sounds

PURPOSE
I~ this Led you will study the har-
moric structure of complex sounds.

MATERIALS
a5t
25L ioudspecker and microchone
Micrzohone stend

—zrmenic dispicy shests

&

PROCEDURE

S:uzenrs should be reminded
'zt *ne fundamenic! (lowest
srequency) of a tone deter-
Tines ‘he pitch one perceives.
The nigher frequencies of the
Rcrmonics in the tone derer-
mine the timore of the sound.

BEFORE YOU START

Recall the waveform trace you made of the sound of a tuning fork.
The simple waveform of such pure tones has a special name: o sinu-
soidal wave. If you have had trigonometry in math class you will rec-
ognize this waveform as a graph of ¢ sine or cosine function. For this
reason, the sinusoidal wave is often called a “sine wave.” Sinusoidal
waves are very importanr for the scienfific study of sound because by
adding together more anc more sinuscidal waves with different fre-
quencies you ccn produce any repetitive waveform you like, including
the complex ones you have studiec so far.

When ¢ compiex waveform is anaiyzed into its component fre-
quencies, the lowest frequency is callec the fundamentai and the higher
frequencies are cailec harmonics.

ExXpERIMENT:
THE HARMONIC STRUCTURES OF MUSICAL NOTES
AND NOISE

A. Start the Bank Street Laboratory software and connect the micro-
phone. Set the microphone on the siond.

B. Select Sounc from the Main Menu. Selec: Frequency from the
Sounc Menu. Click on Bar and selec: Far from the screen. Select Start
when you are ready to begin.

By doing rapid and sophisticared calculations, BSL can recognize
the separate frequencies that are present in a sound. The screen shows
a frequency scaie on which the BSL displays a line on the frequency
scale for each harmonic frequency it detects. The length of each line
corresponds to the relative loudness of the corresponding frequency in

the full sound.

C Hum quietly near the microphone. Try to hum so that the display
shows only a single line. It helps to hum a note that is easy for your
voice. If nothing at all appears on the display you will have to hum
louder or move closer to the microphone. If more than one line
appears, try humming less loudly. When you are successful, freeze the
display on the screen. Now try humming o high note and then a low
note.
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A synthesizer can construct
musical tones by adding
togerher simple sinusoidci
waves of different frequen-
cies. By approximating the
proper harmonic structure
and waveform, notes from

different musical instruments..

can be produced.

Why does the line on the display move up and down?
The heignt of the line depends on frequency.

D. Next, sing the vowel “0.” Once you have a good display, freeze it
on the screen. Sketch the harmonic structure on one of your harmonic
display sheets and label it. Explore the harmonic structures of different
vowel sounds such as “ch” and “ee.”

E When you have finished working with musical notes, follow the same
procedure with other kinds of sounds. As oefore, make sketches of
your results and label them. Try blowing gently into the microphone
for one kind of sound, and mcking a hissing sound {“sss”) for ancther.

Comeare ycur sketches fer musicel nofes with these fer noisy
sounds. What de the harmonic struciures of musica] notes have in
cemmon? How do they differ frem the hermonic sfrucrures of unmusi-
cal noises?

Musica/ notes are made up of only a few harmorics. Noise pro-

duces refarively many harmonics with unrelfcted frequencies.

BEST COPY AVAILABLE
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25

Sounds from tbe Real World

PURPOSE

in this Lad you will study sound
prints.

ast MATERIALS

BSL ioudspeoker ond microohane

Microohane stonc

Biologists use sound prints to
study animal communication.
Students could examine
sound prints from recordings
of bird songs or of sounds
made by whales and por-
poises.

BEFORE YOU START
So far we have studiec primarily steady sounds, both musical and
noisy. Many naturally occurring sounds are much more varioble. Their
loudness, frequency, and harmonic strucrure may change rapidly over
time. The BSL can work with changing souncs as well as steady ones.
The way it does this is ro divide the changing sounc into very short sec-
tions anc then find the harmonic structure of eccr, section. The result is
called ¢ sound print.

One of the most remarkable of all natural sounds is the sound of
human speech. Consider the meny kinds of informction that our
speech conveys. Not only dc we use worcs, but we express fesiings
and intentions througn veriation in the quclity of our speech. The BSL
also ccn make sounc prints of speech. 1nese are ccliec voice orints.

Exggnmm\-r:
SOUND PRINT OF A WHISTLE

A. Start the Benk Street Laboratory software anc connect the micro-
phone. Set the micropnone on the stand.

B. Select Sounc from the Main Menu. Seiect Frequency from the
Experimenis Menu. Select Sounc Print from the Frequency Menu.
Select Start wnen you are ready to begin.

The display will show two piots. The top one is just like the graph
of Magnify and shows variation in loudness. After the data have been
collected, BSL will move the cursor across the disolay in steps. The fre-
quencies present in each section are displayed in the lower plot. You
can stop the analysis at any time.

C._ Begin the analysis and whistle a varying pitch like a siren. ltis
important to get the volume right so that the upper plot is roughly half-
filled with sound. If the sound is too quiet, BSL will have nothing to
analyze and you get no results. If the sound is too loud, BSL will distort
it and the results will not be reliable. You can also adjust the sensitivity
of the microphone with the Far/Near setting.

D. Once the display looks good, study the two traces and think about
what they reflect. Select Print from the File Menu to obtain a hard
copy of the sound print. The upper trace shows variation in loudness.

65 2
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PROCEDURE

The lower trace shows variations in the fundamental and harmonics.
Listen while BSL plays back the sound from its onalysis. Does it sound
like the originai2 As BSL plays back the sound, study the sound print.
you should try to understand the disolay well enough to explain it to
someone else.

EXPERIMENT:
VOICE PRINTS

A. Repeat the sound print of a whistle exgeriment but instecd of
whistling, speck a word such as “Icberciory.” As before, you will need
to practice to get the volume ius: righ:. Get voice prints of several of
your classmates saying the scme words. If you cen, zrint out herd
ccpies for lerer study. Yeou cen ciso sley becek the soeech fo heip
uncersicnd the piots. Nexi, try saying the scme phrcse, such as
“thenks ¢ lof,” with different emotionci tones, such as angry, bered,
sincere, sarcastic. Als